Objective: To assess the impact of early infant feeding practices on low birth weight-(LBW) specific neonatal mortality in rural Ghana.
Introduction
Birth weight is an important determinant of infant survival in developing countries. Low birth weight (LBW) is defined as a birth weight less than 2500 g. LBW infants are at high risk of early growth retardation, infectious disease, developmental delay and death. 1, 2 Hospital-based studies from developed countries indicate that LBW-specific morbidity and mortality can be substantially reduced by optimizing parenteral and enteral infant nutrition. [3] [4] [5] However, there are little data available from low-income countries where large proportions of LBW infants are cared for in the community and prelacteal feeding and delayed breastfeeding initiation are common. 6, 7 Strong associations between delayed breastfeeding initiation and increased all cause neonatal mortality were recently demonstrated in our large cohort study in a rural Ghanaian population. 8 However, we did not examine the impacts on LBW infants separately in that study.
The primary objectives of this analysis were thus to evaluate the associations between (i) timing of initiation of breastfeeding, (ii) prelacteal and non-prelacteal feeding and (iii) the types of established neonatal breastfeeding (exclusive, predominant and partial) on mortality risks in LBW infants aged 2 to 28 days with recorded birth weight. A secondary objective was to determine if the mortality impact of these early infant feeding practices was significantly different in LBW and non-LBW infants.
Methods

Setting and design
Data were collected as part of the ObaapaVitA trial, which is a large cluster randomized trial based in rural Ghana of the impact of weekly vitamin A supplementation to women of childbearing age on maternal and infant mortality. The study setting and methods have been described in detail elsewhere. 8 Approximately 20% of women deliver in a hospital in the study area. 7 These hospitals are able to provide basic resuscitation and oxygen to LBW infants but there are no ventilators or neonatal intensive care facilities. Mothers unable to breastfeed are encouraged to feed expressed breastmilk with cups but there are no intravenous drips or gastric tube feeding available for LBW infants. The prevalence of human immunodeficiency virus infection is reported to be 4% in women of reproductive age in the study area.
Birth and death surveillance
In brief, women are visited at home every 4-weeks by a network of trained ObaapaVitA village-based fieldworkers who distribute vitamin A or placebo capsules and collect data on morbidity and mortality. When a birth is reported, the fieldworker administers a 'birth' questionnaire, which includes birth outcome, birth weight (recorded directly from maternal and infant health records), mother's perception of size at birth (very small, smaller than average, average, larger than average, very large), mother's report of gestational age, details of the delivery, antenatal care, details of the mother's own health around the time of delivery, socioeconomic and environmental characteristics and home-based neonatal care practices including early infant eeding practices. The mother is asked when she initiated feeding with breastmilk and is prompted for the timing (within 1 h, after 1 h but first day, day 2, day 3, days 4 to 7, after day 7). She is also asked what she offered her baby to eat or drink in the 24 h before the interview. After noting the unprompted responses, the mother is asked if she offered her own breastmilk, breastmilk from a wet nurse, animal milk, infant formula, milk-based fluids, water-based fluids or solid foods. She is also asked whether she thought her baby was well on the day of birth and in the previous 24 h. At the next 4-week visit, an 'infant' questionnaire is administered to obtain further outcome data (infant morbidity and mortality) and information about infant feeding practices. Infants are followed up at subsequent 4 weekly visits until they reach 12 months of age.
Study definitions
A baby was considered to be breastfed if breastmilk constituted any portion of their diet. Infants were classified according to the timing of breastmilk initiation (first hour, after first hour but day 1, day 2, day 3 and after day 3). 'Early initiation' of breastfeeding referred to a baby who was given any breastmilk (for example, from cup/from mother/from wet nurse) on the first day of life (first 24 h of life). 'Prelacteal feeding' was any non-human milk food or fluids provided to a baby on day 1. 'Established neonatal breastfeeding' referred to the reported breastfeeding pattern in the 24 h before the first study interview ('birth' interview) (median 14 days postpartum, interquartile range 7 to 21 days). 'Exclusive breastfeeding' was defined as feeding of only breastmilk and nothing else, not even water, with the exception of vitamin supplements and prescribed medicines. 'Predominant breastfeeding' was defined as feeding of breastmilk along with other non-milk fluids. Infants who were offered breastmilk and animal milk, infant formula or solids were considered to be 'partially breastfed'. These definitions are consistent with current WHO definitions for breastfeeding patterns. 10 LBW was defined as a birth weight less than 2.5 kg if it was recorded in the mother or child's health-care card.
Statistical analysis
Only infants who survived to day 2 and who were successfully breastfed were included in the primary analyses. Non-initiators and those interviewed outside the neonatal period were also excluded. Multiple births were not excluded, as they are an important subgroup of LBW infants. The primary outcome variable was calculated as the number of breastfed LBW infants who died during ages 2 to 28 days per 1000 LBW births surviving to day 2. This was compared between (i) early and late initiation of breastfeeding, (ii) prelacteal and non-prelacteal feeding on day 1 and (iii) the types of breastfeeding patterns after day 1 (exclusive, predominant and partial).
Logistic regression was used to calculate crude and adjusted odds ratios (adjORs) for mortality associated with the early infantfeeding exposure variables. Potential confounding variables were included in the model based on the presence of statistical associations between the variables, early infant feeding practices and mortality. Model 1 included maternal educational level, sanitation, site of delivery, maternal age, parity, maternal perinatal health, multiple birth, gender and infant perinatal health. Model 2 included all of these variables and also adjusted for the effect of early infant feeding practices (timing of initiation of breastfeeding, prelacteal feeding and established neonatal breastfeeding). The ObaapaVitA Data Monitoring and Ethics Committee were contacted in October 2004 and they confirmed that maternal vitamin A supplementation was not associated with any early infant feeding practices. Receipt of Vitamin A was therefore not considered to be a confounder and was not included in any logistic regression models.
Robust standard errors were used to adjust for potential clustering from the twins and triplets in the study population. Trends were assessed using the w 2 test for trend. Analyses were also repeated excluding other infants at high risk of death and ill health (unwell on the day of birth, congenital anomalies). All analyses were conducted in Stata version 8.2. Adjusted odds ratios and 95% confidence intervals (95% CI) were calculated.
Finally, to explore whether the mortality impact of early infant feeding practices was significantly different in LBW and non-LBW infants; analyses were repeated in all infants with recorded birth weight (n ¼ 3411) and adjusted for the effect of LBW status. Interaction terms were also fitted. Risks of delayed breastfeeding, prelacteal feeding and non-exclusive breastfeeding in LBW and non-LBW infants were also examined. Crude and adjusted mortality risks in specific weight subgroups (<1.5, 1.5 to 2.4, 2.5 to 3.4, 3.5 to 4.4 and >4.4 kg) were also assessed.
Ethical issues
Both ObaapaVitA trial and this nested study were approved by the ethics committees of Ghana Health Service and London School of Hygiene and Tropical Medicine. Figure 1 displays the infants included in the study population. There were 14 403 live births in the ObaapaVitA trial area from 1 July 2003 to 30 June 2004 and 433 neonatal deaths, giving a neonatal mortality rate of 30.1/1000 live births. Data were captured for 11 751 (81.6%) infants within 28 days of delivery (median 14 days postpartum, interquartile range 7 to 21 days). Of these, 166 (1.8%) babies were lost to follow up as their mothers had moved out of the study area before the second infant interview. Of the babies with full follow up there were 320 neonatal deaths, 129 (40.3%) of which occurred within the first day 1 of birth. We excluded these day 1 deaths plus 112 (1.0%) of the day 2 survivors who either did not initiate breastfeeding or started then stopped. A total of 3411 (30.1%) of the remaining 11 344 babies had birth weight recorded within 48 h of birth.
Results
General characteristics
A total of 2297 (67%) babies weighed 2.5 to 3.4 kg ( Table 1 ) and 296 (8.7%) were less than 2.5 kg at birth. The median birth weight of the LBW babies was 2.2 kg (range 0.9 to 2.4 kg). Information on gestational age was not available. Fifty-five (18.6%) infants were multiple births and 150 (50.7%) were born in hospital. There were 31 deaths overall (Table 1) ; 15 in LBW infants (crude mortality risk 5.1%) and 16 in non-LBW infants (crude mortality risk 0.51%).
Initiation of breastfeeding
Breastfeeding was initiated within the first day of birth in 74% of LBW infants and by the end of day 3 in all but 2.7% of them (Table 2 ). There was a dose-response of increasing risk of mortality with increasing delay in initiation of breastfeeding from 1 h through to after day 3 in LBW infants (Table 2) ; this trend was still significant after adjusting for prelacteal feeding and established neonatal breastfeeding pattern (P-value trend ¼ 0.02). Overall initiation of breastfeeding after day 1 was associated with an almost threefold increased risk of mortality in LBW infants (adjOR 3.23 (1.07-9.82); Table 3 ).
When analyses were repeated in all infants with recorded birth weight (n ¼ 3411) there was still a 3.3-fold increased risk associated with timing of initiation of breastfeeding even after adjusting for LBW status (adjOR 3.31 (1.58-6.91), P ¼ 0.001). However, no significant interaction was detected between LBW status and timing of initiation of breastfeeding (adjOR 1.02 (0.24-4.27), P-value ¼ 0.98) in this model.
Prelacteal feeding
Thirty-three (11%) of LBW infants received prelacteal feeds on day 1 (Table 3) . Almost half (48.5%) of these infants received no breastmilk at all on day 1; 11 (33.1%) received milk-based fluids (tinned milk, infant formula), 23 (69.6%) received water-based fluids (water, tea, sugar in water, traditional herbs) and 3 (9.1%) received solid foods (gruels, porridge, bread in water). Prelacteal feeding was associated with a threefold statistically increased risk of neonatal mortality after adjusting for the confounding variables in model 1 (Table 3) . However, when timing of breastfeeding initiation and type of neonatal breastfeeding were included in model 2, the effect of prelacteal feeding was no longer statistically significant (Table 3) .
When analyses were repeated in all infants with recorded birth weight, the effect of prelacteal feeding was not statistically significant after adjusting for LBW status (adjOR 1.68 (0.69-6.91), P ¼ 0.47). Also, no significant interaction was detected between LBW status and prelacteal feeding (adjOR 1.08 (0.22-5.23), P-value ¼ 0.92) in this model.
Established neonatal breastfeeding pattern
There were no significant differences in neonatal mortality risk in infants who were predominantly compared to exclusively breastfed ( Table 2 ). The sample size was insufficient to determine the impact of partial breastfeeding among LBW infants.
When analyses were repeated in all infants with recorded birth weight, the effect of predominant breastfeeding was also not Figure 1 Flow chart of infants included in the study population.
Infant feeding and mortality in low birth weight infants KM Edmond et al statistically significant (adjOR 1.38 (0.52-3.70), P ¼ 0.52). The effect of partial breastfeeding was also not significant (adjOR 1.83 (0.22-14.95), P ¼ 0.58). No significant interaction was also detected between LBW status and type of neonatal breastfeeding (adjOR 0.60 (0.13-2.70), P ¼ 0.50) in this model.
Feeding practices and birth weight
There was a 1.7-fold higher risk of delayed breastfeeding initiation in LBW than non-LBW infants (adjOR 1.74 (1.30-2.33), P-value ¼ 0.00). However, there were no significant differences in prelacteal feeding (adjOR 1.23 (0.84-1.82), P-value ¼ 0.29), predominant breastfeeding (adjOR 1.07 (0.81-1.43), Pvalue ¼ 0.62) or partial breastfeeding (adjOR 1.60 (0.83-3.09), P-value ¼ 0.16) between LBW and non-LBW infants.
Mortality risks
In infants under 2.5 kg there appeared to be a trend to increasing mortality risk with decreasing birth weight (Table 1) , although sample sizes were small and confidence intervals wide. Adjustment for early infant feeding practices (model 2) appeared to have similar effects on mortality risk in LBW and non-LBW infants.
Discussion
In this rural Ghanaian population, LBW infants have high risks of mortality and breastfeeding practices are poor, but these analyses indicate that interventions to improve early infant feeding practices in LBW infants could be associated with considerable reductions in early infant mortality. Both initiation of breastfeeding after day 1 and early prelacteal feeding were associated with a threefold increase in mortality risk in LBW infants. Interestingly, predominant breastfeeding was not associated with any significant increase in mortality risk in this study. The sample size was insufficient to determine the effects of partial breastfeeding in LBW infants. This paper presents the risks of mortality associated with early breastfeeding practices in LBW infants aged 2 to 28 days from a Adjusted for all in model 1 plus timing of initiation of breastfeeding, prelacteal feeding and established neonatal breastfeeding. large cohort study in rural Ghana. It appears to be the first analysis of the impact of early infant feeding practices on mortality in LBW infants in a community-based setting. Observational south Asian studies have reported significant impacts of a full package of community-based interventions, including early feeding, on mortality in LBW infants. [11] [12] [13] Hospital-based studies from lowincome settings have indicated that kangaroo mother care (early suckling within 1 h of birth, early skin-to-skin contact and exclusive breastfeeding) is at least as effective as conventional incubator care in reducing mortality in clinically stable preterm infants of 32 to 36 weeks gestation.
14 However, these studies were not designed to assess the effect of improving early infant feeding practices alone.
Observational studies of breastfeeding and infant health may also be affected by a number of methodological problems including reverse causality (that is, the possibility of the breastfeeding pattern being affected by serious illnesses that lead to death), self selection, confounding and misclassification. 15, 16 However, we addressed reverse causality by excluding babies who either did not start or started and stopped breastfeeding; controlling for high-risk infants (unwell on the day of birth, congenital anomalies) and by repeating analyses excluding high-risk infants (that did not alter effect estimates). We also excluded all deaths before day 2. These were deaths that occurred soon after birth, were unlikely to have benefited from breastmilk and the illnesses connected to these deaths were most likely to have disrupted early infant feeding patterns (for example, resulting in late initiation or prelacteal feeding). However, the effect of reverse causality cannot be completely excluded in a study of this type. The risk due to early feeding among LBW infants was also demonstrated after controlling for factors known to be associated with earlier onset of breastfeeding, 17 lower rates of perinatal and infant mortality, 18, 19 and established breastfeeding practices, 20 although residual confounding cannot be discounted. We also analysed data for the entire study population of births. Any differential misclassification of type of breastfeeding would have tended to under-rather than over-estimate effect sizes. Finally, our sample size was insufficient to examine the impact of partial breastfeeding on mortality in LBW infants. Intervention studies with larger sample sizes are needed for further investigation of early nutritional effects in LBW infants.
We were unable to accurately determine proportions of small for gestational age and preterm infants and impacts of breastfeeding in these important subgroups. Birth weight was also recorded in only 30% of the study population. Infants with recorded birth weight appeared to have higher socioeconomic status, lower mortality risks and better breastfeeding practices than infants without recorded birth weight (data not shown). The effects of infant feeding on mortality in high socioeconomic status infants are considered by some authors to be underestimates of the true impact of breastfeeding in a rural developing country population. 15, 21 Repeating our analyses using maternal perception of birth size to define LBW would have increased sample size and potentially increased external validity. However, using mother's perception of an infant as 'very small' or 'smaller than average' to define LBW would result in substantial misclassification errors. Interestingly, impacts of early infant feeding practices appeared similar in LBW and non-LBW infants in this study and there was no obvious effect modification by birth weight. We recently reported that delayed breastfeeding initiation, prelacteal feeding and nonexclusive breastfeeding was associated with important impacts on infection-specific neonatal mortality after adjusting for birth weight and prematurity. 22 We also found that there was no significant effect on mortality due to other causes. 22 Enhancement of immune function and reduction in infection-specific mortality could explain the impact of early infant feeding practices on mortality in the LBW infants in this study. However, other mechanisms could include the impact of early human milk (for example, lactose, sodium, trophic-stimulating factors) on the gastrointestinal epithelium and permeability. 5, 23, 24 Close maternal contact associated with breastfeeding also could reduce ambient heat loss and hypothermia. 25 In addition, the high bacterial, sodium and glucose content of prelacteal feeds may exacerbate metabolic dysfunction in LBW infants. 26 However, the effect of prelacteal feeding became nonsignificant after adjusting for breastfeeding initiation in this study. This indicates that the effects of colostrum and early initiation of breastfeeding may be greater than prelacteal feeding in our study. Avoidance of partial breastfeeding throughout the neonatal period is also likely to be important for LBW infants but this analysis was insufficiently powered to assess this issue.
Recent studies have quantified the costs required for global breastfeeding promotion. 27 To reach 99% of families with two home visits by peer counsellors, the estimated additional cost is around US$124 million for the 75 highest mortality countriesFan additional three cents per capita in those countries. 27 This is around US$90 per life savedFcheaper than even measles immunization, a very low-cost intervention. Improving feeding practices appears to be one of the most feasible, low-cost and effective interventions for LBW infants in developing countries.
The analyses in this study indicate that early initiation of breastfeeding is important for the survival of LBW and non-LBW infants. These findings have important implications for LBW health programmes and policy. They suggest that safe motherhood and newborn care programmes targeted at LBW infants in less developed settings should place considerable emphasis on low technology approaches, such as optimizing early infant feeding practices and thermal care. Other practices such as hygienic cord and skin care and early detection and treatment of infections are also likely to be important. These findings are especially relevant for sub-Saharan Africa, where many LBW infants are born at home, never taken to a health facility and mortality rates are unacceptably high.
